Abstract. We present new optimal scheme of the separating highly radioactive isotopes and products of atomics energetics such as 133,135,137 Cs and others, which is based on the selective laser excitation of the isotopes atoms into excited Rydberg states and further autoionization or DC electric field pulse ionization.
To number of the very actual problem of modern nuclear technology, quantum and photoelectronics is related a search of the effective methods for isotopes and nuclear isomers separation and obtaining especially pure substances at atomic level [1] [2] [3] [4] [5] [6] . The basis for its successful realization is, at first, carrying out the optimal multi stepped photo-ionization schemes for different elements and, at second, availability of enough effective UV and visible range lasers with high average power (Letokhov, 1977 (Letokhov, , 1979 (Letokhov, , 1983 etc) [1, 2] . The standard laser photo-ionization scheme may be realized with using processes of the two-step excitation and ionization of atoms by laser pulse. The scheme of selective ionization of atoms, based on the selective resonance excitation of atoms by laser radiation into states near ionization boundary and further photo-ionization of the excited states by additional laser radiation, has been at first proposed and realized by Letokhov et al (Letokhov, 1969 (Letokhov, , 1977 [1, 2] . It represents a great interest for laser separation of isotopes and nuclear isomers. The known disadvantage of two-step laser photoionization scheme a great difference between cross-sections of resonant excitation V exc and photo-ionization V ion . It requires using very intensive laser radiation for excited atom ionization. The same is arisen in a task of sorting the excited atoms and atoms with excited nuclei in problem of creation of J -laser on quickly decayed nuclear isomers. Originally, Goldansky and Letokhov (1974) [7] (see also [5] ) have considered a possibility of creating a J -laser, based on a recoilless transition between lower nuclear levels and shown that a J -laser of this type in the 20-60 keV region is feasible. A feature of design is operation based on relatively short-lived isomer nuclear states with lifetime of 0,1 to 10 sec. These authors has estimated the minimal number of excited nuclei required for obtaining appreciable amplification and possibility of producing sufficient amounts of excited nuclei by irradiation of the target with a thermal neutron beam or by resonant J -radiation. It is important that low-inertia laser selection of a relatively small friction of excited nuclei of a given composition from the target by the two-step method of selective laser photoionization of atoms with excited nuclei by the radiation from two lasers is principally possible. But, it is obvious that here there is a problem of significant disadvantage of the two-step selective ionization of atoms by laser radiation method. The situation is more simplified for autoionization resonance's in the atomic spectra, but detailed data about characteristics of these levels are often absent (Letokhov, 1977 (Letokhov, , 1983 Glushkov & Ivanov, 1986 , 1992 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The key problems here are connected with difficulties of theoretical studying and calculating the autoionization resonance characteristics. Several new optimal schemes for the laser photoionization sensors of separating heavy isotopes and nuclear isomers are proposed [4, 12] . It is based on the selective laser excitation of the isotope atoms into excited Rydberg states and further autoionization and DC electric field ionization mechanisms.
Let us remind that in a classic scheme the laser excitation of the isotopes and nuclear isomers separation is usually realized at several steps: atoms are resonantly excited by laser radiation and then it is realized photo ionization of excited atoms. In this case photo ionization process is characterized by relatively low cross section V ion =10 -17 -10 -18 ñm 2 and one could use the powerful laser radiation on the ionization step. This is not acceptable from the energetics point of view [1] [2] [3] [4] [5] [6] [7] [8] .
The alternative mechanism is a transition of atoms into Rydberg states and further ionization by electric field or electromagnetic pulse. As result, Àííîòàöèÿ. Ïðåäñòàâëåíà íîâàÿ îïòèìàëüíàÿ ñõåìà ëàçåðíîãî ðàçäåëåíèÿ âûñîêî ðàäèî-àêòèâíûõ èçîòîïîâ, ïðîäóêòîâ àòîìíîé ýíåðãåòèêè òàêèõ êàê 133, 135, 137 Cs è äðóãèõ, áàçèðóþ-ùàÿñÿ íà ëàçåðíîì âîçáóaeäåíèè àòîìîâ èçîòîïîâ â ðèäáåðãîâñêèå ñîñòîÿíèÿ è äàëüíåéøåé àâòîèîíèçàöèè èëè èîíèçàöèè èìïóëüñîì ýëåêòðè÷åñêîãî ïîëÿ.
Êëþ÷åâûå ñëîâà: ëàçåðíûé ôîòîèîíèçàöèîííûé ìåòîä, âûñîêî ðàäèîàêòèâíûå èçîòîïû, íîâàÿ ñõåìà requirements to energetic of the ionized pulse are decreased at several orders. The main feature and innovation of the presented scheme is connected with using the DC electric field (laser pulse) autoionization on the last ionization step of the laser photoionization technology. There is a principal difference of the simple ionization by DC electric filed. The laser pulse ionization through the auto ionized states decay channel has the advantages (more high accuracy, the better energetics, universality) especially for heavy elements and isotopes, where the DC electric field ionization from the low excited states has not to be high effective. This idea is a key one in the realization of sorting the definite excited atoms with necessary excited nuclei of the A + kind, obtained by optimal method of selective photo-ionization of the A kind atoms at the first steps. The suitable objects for modeling laser photoionization separation technology are the isotopes of alkali element Cs, long-lived transuranium elements etc.
We considered the isotopes of 133, 135, 137 Cs, 88, 90 Sr and 127, 129 I. For example, the resonant excitation of the Cs atoms can be realized with using dye lasers with lamp pumping (two transitions wavelengths are: 6 2 S 1/2 o7 2 P 3/2 4555A and 6 2 S 1/2 o7 2 P 1/2 4593A). In table 1 there are listed the energy parameters for different states of the caesium, obtained in the different approximations (Derevianko & Porsev, 2003; Khetselius, 2009 ) (from ref.
[19]). It is useful to remind the corresponding hyperfine splitting energy (6 2 S 1/2 , transition 4-3) of Cs: experimental data-'Q(F,F')= 9192,64MHz; 'E(F,F')= 306,630 10 -3 cm -1 ; theoretical data -'Q(F,F')= 9177,80MHz ; 'E(F,F')= 306,135 10 -3 cm -1 (Khetselius, 2009) . The next step is in the further excitation to the Rydberg S,P,D states with main quantum number n=31-37 (the optimal value n=35).
The final step is the autoionization of the Rydberg excited atoms by a laser pulse or DC electric field pulse ionization and output of the created ions. The scheme will be optimal if an atom is excited by laser radiation to state, which has the decay probability due to the autoionization (pulse ionization) higher than the radiation decay probability. So, one could guess that the accurate data on the autoionization states energies and widths and the same parameters for the DC Stark resonances are needed. The consistent and accurate theoretical approach to calculation of these characteristics is based on the operator perturbation theory formalism [10] and corresponding advances relativistic version [23] with quantum defect approximation [17] . In F n H with classic ionization threshold F ion . In this case one could find sufficiently definite correlation between the values Ã/2 and f=(F-F ion )/ F ion . The latter characterizes nearness of the resonance energy to potential barrier top. Here one could obtain the following relations for states with n 1~n >>l,n 2 and m-1 (look details in refs. [6, 23, 24] , in particular, in the above-threshold region Å>0: (1 / 2 )[ ( )
where n*=n-G -is the parabolic analog of the effective main quantum number for Rydberg states in the spherical basis, G=G(n 1 n 2 m), p=2n 2 +m+1, In whole an analysis shows that the scaling effect is observed for the Stark resonances in spectra of H, Na, K, Rb in the limits of ~3 %, but it is realized worse for the Cs isotope. The latter is probably explained by increasing the relativistic effects role for this atom. In any case the corresponding data about the Stark resonances energies and widths (lifetimes etc) are needed for the next modeling the optimal schemes of the isotope separation. In this essence the scaling equations (1-3) provide quickly the important data about characteristics of the Stark resonances in the DC electric field and corresponding radiation parameters. In figure 2 we present the numerical modeling results of the excited and ground states populations in the photoionization scheme of the 133, 137 Cs isotopes separation process with autoand electric field ionization by solving the corresponding differential equations system [6, 14] . Cs isotopes separation process by the laser photo-ionization method (G+dashed -laser pulse optimal form; see text)
The following definitions are used: G+dashed line is corresponding to optimal form of laser pulse, curves 1 and 2 are corresponding to populations of the ground and excited states of Cs. The G -pulse provides maximum possible level of excitation (the excitation degree is about ~0,25; in experiment (Letokhov, 1983) with rectangular pulse this degree was ~ 0,1). Let us note that the presented results are analogous to the similar modeling results for other elements such as Rb, Ga etc [4, 12] . Indeed, the relative populations for indicated atoms in the highly excited states are very closed to each other, however the absolute values of the radiation parameters for different isotopes naturally differ. Let us remember data regarding the Cs excitation and the ionization cross sections: the excitation cross section at the first step of the scheme is ~10 -11 cm 2 ; the ionization cross-section from excited 7 2 P 2 state: ). Using G-pulse indeed provides a quick ionization, but the ionization yield will be less than 100 % because of the sticking on intermediate levels. So, from energetic point of view, this type of ionization can be very perspective alternative to earlier proposed classical two-step and more complicated photoionization schemes (Letokhov, 1983) [1]. The similar situation and analogous conclusions are obtained for the Sr and I isotope separation with the corresponding difference in the energetic and radiative characteristics data. So, one can say here about sufficiently optimal scheme of the separating highly radioactive isotopes and products of atomics energetics such as Cs and others. The key features of the corresponding scheme (technology) are based on the selective laser excitation of the isotopes atoms to the excited Rydberg states and further autoionization (or DC electric pulse ionization). One could remember here that a step of laser isotope separation has to be very important one in solving the modern actual problems of the transmutation of radioactive elements and decreasing the energy loses in the modern atomic energetics cycles [20, 21] . One should also note that the considered scheme can be easily implemented to the possible advanced scheme of the J -laser on quickly decayed nuclear isomers with using laser photoionization sorting excited nuclei M * k+1 with autoionization mechanism through the Rydberg states [11, 22] .
